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AEROELASTIC FLUTTER OF POST-BUCKLED FUNCTIONALLY GRADED PANELS
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Abstract Functionally graded materials (FGMs) with continuously varied composifi@cigvely reduce the mismatch

at bonding surface betweenfldirent constituents. As thermal protection structures, functionally graded panels (FGPs)
eliminate the internal thermal stress concentration which arises from aerodynamic heating. The aeroelastic flutter bound
ary of an FGP is analyzed considering the structural geometric nonlinearity due to thermal post-buckling deflection. The
effective FGM properties are calculated using the rule of mixture homogenization with the power law distribution assump-
tion. The first-order shear deformable plate theory, von Karman strain-displacement relations and the first-order pistor
theory are adopted to formulate the nonlinear aeroelastic finite element equations of FGPs in supersonic flow according t
the principle of virtual work. The numerical simulation results of thermal post-buckling response are obtained using the
Newton-Raphson iterative method, and the mechanism of post-buckling deflefgoted by the airflow is discussed.

The panel flutter boundary is determined by analyzing the stability of post-buckling equilibriums. It is concluded that
the symmetry of a ceramic-metal FGP is destroyed by through-the-thickness material distribution, and the panel tend:
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to buckle to the metal side under in-plane thermal stresses. The position of maximum post-buckling deflection moves
to the down-stream in the supersonic airflow, and the post-buckling deflection decreases with the increase of flow dy-
namic pressure. The geometric nonlinearity increases the flutter critical dynamic pressure of post-buckled FGPs whel
the large post-buckling deflection is occurred at relative high temperature and low non-dimensional dynamic pressure
flow. However, the geometric nonlinearity is not so important at high non-dimensional dynamic pressure flow because the
post-buckling deflection is restrained to a small one by the supersonic airflow.
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Fig. 1 Schematic of a functionally graded (FG) panel
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Table 1 Material mechanical properties

Material  p/(kgm=®)  E/GPa /K1
SizNg 2370 322.27 7.4710°8
SUS304 8166 207.79 15.820°6
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Fig.2 Finite element mesh of a FG panel
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Fig. 3 Thermal buckling deflection of a FG panel
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Fig. 4 Thermal post-buckling deformation shape
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